Background: Discriminating Mycoplasma pneumoniae (MP) from Streptococcus pneumoniae (SP) and viral etiologies of community-acquired pneumonia (CAP) is challenging but has important implications regarding empiric antibiotic therapy. We investigated patient parameters upon hospital admission to predict MP infection. Methods: All patients hospitalized in a tertiary care hospital between 2013 and 2017 for CAP with a confirmed etiology were analyzed using logistic regression analyses and area under the receiver operator characteristics (ROC) curves (AUC) for associations between demographic, clinical and laboratory features and the causative pathogen. Results: We analyzed 568 patients with CAP, including 47 (8%) with MP; 152 (27%) with SP and 369 (65%) with influenza or other viruses. Comparing MP and SP by
Introduction
Mycoplasma pneumoniae (MP) causes both upper and lower respiratory tract infections and accounts for 11%-15% of community acquired pneumonias (CAP) worldwide [1, 2] . Disease severity is often mild, but 1%-5% of cases require hospitalization [3] . The 0.5%-2% fulminant pneumonias primarily affect young adults with no underlying disease [4] . As MP are intracellular pathogens lacking a cell wall, betalactams are ineffective and macrolides, quinolones or tetracyclines are required for treatment [5] . The morbidity in severe cases has been attributed to delayed targeted antibiotic treatment [4] . In a multicenter CAP surveillance study with 227 MP infections, for example, severe cases requiring intensive care for respiratory failure were characterized by a significantly delayed (9.3 vs. 5.1 days) initiation of an appropriate antibiotic treatment [6] . Therefore, for cases requiring hospitalization, an early suspicion of MP allowing a targeted empirical treatment is essential.
Despite elaborated microbiological diagnostics the causative organisms of CAP remain unidentified in the majority of patients [7] . Even when combining culture, antigen tests and PCR in a research setting, the causative pathogen could not be identified in 38% of 2259 patients with radiographic evidence of pneumonia [8] . Similarly, recent studies have reported failures to detect a pathogen in 24%-44% of patients [9] [10] [11] [12] [13] [14] . Alternative diagnostic approaches are therefore needed to rapidly and accurately identify patients most or least likely to benefit from antibiotics [15] . Several studies have evaluated the utility of inflammatory markers to predict both the etiology and the outcome of CAP. Thereby, serum procalcitonin (PCT) levels have proven more effective than C-reactive protein (CRP) to distinguish typical bacterial from atypical bacterial or viral pneumonia [16] [17] [18] [19] . Also, higher PCT values indicated bacteremia [17, 20, 21] and a worse outcome of pneumonias, e.g. higher rates of ICU admission and mortality [22] [23] [24] . In a multicenter study of 645 CAP patients with an identified pathogen, higher PCT levels strongly correlated with bacterial pathogens, particularly typical bacteria, while PCT levels of atypical bacteria, mostly MP and Chlamydophila pneumoniae, were more similar to that of viruses and thus not suitable for the differentiation of the latter [16] .
In our study we analyzed demographic, clinical and laboratory parameters upon hospital admission to discriminate MP pneumonias from pneumococcal as well as from viral etiologies. Based on clinical observations we hypothesized that the constellation of a high CRP with a relatively low PCT, i.e. a high CRP/PCT ratio, would predict MP.
Materials and methods

Study design and setting
We performed a retrospective single-center study with all adult patients hospitalized for CAP with a defined etiology between October 2013 and April 2017 in a Swiss tertiary care hospital. When a bacterial superinfection of a viral infection was detected, the patient was excluded from the analysis. Likewise, patients with Legionella infection were excluded due to the low number of detected cases. This was a secondary analysis of patients participating in the TRI-AGE project, a prospective, observational, multicenter, multinational study that aimed to optimize triage and anticipate the post-acute care needs of patients seeking emergency medical care [25] . The study was continued as a quality control project approved by the local Ethical Committee (EKBB, Ethikkomission beider Basel: EK 2012/059) which waived the requirement for individual informed consent. The main study was registered at ClinicalTrails.gov (NCT01768494).
We compared MP with SP as well as MP with influenza and other viruses in the absence of a bacterial superinfection in terms of demographic patient characteristics, symptoms, clinical signs and inflammatory markers measured within 48 h of hospitalization.
Clinical and laboratory data
Sociodemographic factors plus vital and clinical signs on admission were retrospectively extracted from the medical charts. Chest X-rays were analyzed by a radiologist. We collected laboratory parameters measured within 48 h of admission. In general, the first value was included. If two CRP or PCT values were available within 48 h, the higher was chosen. For CRP measurements a detection limit of <5 mg/L (EMIT, Merck Diagnostica, Zurich, Switzerland) was used. For PCT analyses we used a centralized time-resolved amplified cryptate emission technology-based assay with a 0.06 μg/L cutoff (Kryptor PCT, Thermo Scientific Biomarkers [Brahms AG], Henningsdorf, Germany) [26] . CRP/PCT ratios were calculated by dividing CRP in mg/L by PCT in μg/L.
Microbiological diagnostics
In clinical routine, microbiological analyses included blood cultures as well as urinary antigen testing for pneumococci and Legionella pneumophila serogroup 1a. Sputum cultures and influenza PCR or multiplex PCR testing of a nasopharyngeal swab were at the discretion of the treating physician. The Filmarray Respiratory Panel was designed by BioMérieux and tests for a comprehensive panel of 20 respiratory viruses and bacteria (adenovirus, coronavirus 229E, HKU1, OC43, NL63, human metapneumovirus, human rhinovirus/enterovirus, influenza A, A/H1, A/H1-2009, A/H3, influenza B, parainfluenza 1, 2, 3, 4, respiratory syncytial virus, Bordetella pertussis, C. pneumoniae and M. pneumoniae). It integrates sample preparation, amplification, detection and analysis into one simple system [27] .
Statistical analysis
All statistical analyses were performed with STATA 11 (StataCorp, College Station, TX, USA). Patients with MP were compared to patients with SP, to patients with viral etiologies and to all non-MP infections combined. Discrete variables were presented as counts and percentage, continuous variables as median and interquartile ranges (IQR). Categorical data was analyzed with Fisher's exact t-test. Two group comparisons of normally distributed non-parametric data were performed using Student's t-test. For data not normally distributed, Mann-Whitney's U-test was used.
The logarithmic values of the CRP/PCT ratio were used to identify discriminatory cutoffs between MP infections and other etiologies. To estimate the clinical potential of individual laboratory and clinical parameters to identify MP, we used univariate and multivariate logistic regression models. All parameters with a significant difference (p < 0.05) between MP and non-MP etiologies (i.e. SP and viruses combined) and a univariate operating characteristics (ROC) curve area under the curve (AUC) >0.60 were considered for multivariate analyses. To account for colinearity of the several parameters describing pulmonary infiltrates and white blood cell (WBC) counts and distribution, only the most discriminative parameter was included in the multivariate analysis.
Results
We included 568 patients with CAP and a defined etiology. Microbiological analyses included blood cultures in 361 patients, urine pneumococcal antigen tests in 326, sputum cultures in eight, serologies in 15, influenza PCR in 367 and multiplex PCR in 367. MP was the causative pathogen in 47 (8%), SP in 152 (27%) and influenza or other respiratory viruses in 369 (65%). Among the 152 patients with SP, there were 50 positive blood cultures and 122 positive urine antigen tests with some patients having both tests positive. In five patients, SP were identified from sputum. All 
MP vs. SP
Differences between patients suffering from MP and SP are shown in Table 1 
MP vs. viruses
Differences between patients suffering from MP and viral infections are shown in Table 2 
Diagnostic reliability of clinical and laboratory parameters
We performed logistic regression analyses to assess the discriminatory power of symptoms, clinical signs and laboratory parameters to identify MP in CAP patients (Tables 1 and 2 ). Comparing MP and SP by multivariate logistic regression analysis, younger age (odds ration [OR] 0.56 per 10 years, 95% CI 0.42-0.73), a lower neutrophil/ lymphocyte ratio (OR 0.9, 0.82-0.99) and an elevated CRP/PCT ratio independently predicted MP. A CRP/ PCT ratio >400 mg/μg thereby provided an OR of 15.04 
MP vs. non-MP
When comparing MP infections with all non-MP infections combined, the CRP/PCT ratio still showed an excellent ROC AUC of 0.85 ( Figure 2C ).
Discussion
Although many studies have proven the excellent performance of PCT in the differentiation of typical bacterial from viral pneumonia [16] [17] [18] [19] , the differentiation between atypical bacterial from typical bacterial and viral pneumonia has remained difficult.
The aim of the current study was to identify parameters allowing to differentiate the atypical bacteria MP from the typical bacteria SP on the one hand, and from viral etiologies of pneumonia on the other hand, to allow targeted empirical treatment. Consistent with earlier reports we confirm the predictive value of a high PCT for typical vs. atypical bacteria [28] [29] [30] , but also provide evidence for an even higher discriminatory power of the CRP/PCT ratio in serum. The CRP/PCT ratio predicted MP as compared to SP with an area under the ROC curve of 0.91 and an OR of 15.04, if a cutoff >400 mg/μg was chosen ( Table 1 ). The ROC AUC of 0.85 we derived from our data for PCT values for the comparison of MP and SP compares well with the ROC AUC of 0.75 described by Jereb et al. for typical vs. atypical pneumonias [29] . Remarkably, CRP alone failed to discriminate MP and SP. On the other hand, CRP -but not PCT -was able to differentiate MP from exclusively viral pneumonia with an area under the ROC curve of 0.77 (Table 2) . Again, the CRP/PCT ratio proved superior with a ROC AUC of 0.83 and an OR of 5.55 for a cutoff >400 mg/μg. As a consequence, the CRP/PCT ratio outperformed PCT and CRP each in the attempt to identify MP vs. non-MP pneumonia ( Figure 2C ). We found no other demographic or clinical parameter even close to the discriminatory power of the CRP/PCT ratio.
While we included the highest CRP and PCT values measured within 48 h of admission, a sensitivity analysis only considering the first values measured within 48 h did not reveal relevant differences (data not shown). Considering patient characteristics, MP primarily affected younger individuals, which may explain the longer duration of symptoms before admission. For SP pneumonia, the earlier hospitalization can also be explained by its high virulence, which has been shown to directly correlate with high PCT values [22] [23] [24] , high neutrophil counts or a high neutrophil/lymphocyte ratio (NLR) [31] . Consistently, we found higher WBCs counts and a higher NLR in pneumococcal and lower values in viral pneumonia as compared to mycoplasma in our data. Also, the later hospitalization of MP cases might be explained by lesser comorbidities, as suggested by the lower rate of neoplasias and immunosuppression.
Remarkably, dry cough and myalgias were a hallmark of MP, with significantly higher rates even when compared to viruses, while no clinical sign was helpful for the identification of the causative organism ( Table 1 ). The presence of a pulmonary infiltrate differentiated bacterial from viral pneumonia with an interstitial pattern being suggestive for MP.
Some of these findings correlated with the score for atypical pneumonias suggested by the Japanese Respiratory Society by identifying six parameters [32] : age <60 years; no or only minor comorbidities; persistent cough; limited chest auscultatory findings; no sputum or negative SP urinary antigen testing and a WBC count <10 × 10E9/L. Macrolide use thereby was suggested for any score ≥4.
Surprisingly, the predictors of MP were almost identical for the comparison with SP or viruses: Younger age, longer duration of symptoms as well as a higher platelet count and a high CRP/PCT ratio all predicted MP infection in both comparisons, while NLR or neutrophil count were only predictive in the comparison with SP or viruses, respectively. The high resemblance of SP and viral pneumonia characteristics is surprising and may partially be due to unrecognized bacterial superinfection in the virus group. The good performance of the CRP/PCT ratio in multivariable analysis in an unselected real-world cohort emphasizes the robustness of this parameter for clinical use.
Due to the lack of cases, we did not include pneumonias due to L. pneumophila (LP). According to the literature, their CRP and PCT pattern resembles SP and thus is different from MP [16, 17, 29] . Still, the CRP/PCT ratio may also be helpful for the discrimination of pneumococci and Legionella. A study comparing 37 SP and 24 LP described that a log CRP/PCT ratio <0.5 was indicative of SP, whereas a log CRP/PCT ratio >1.25 suggested LP infection [33] . The discrepancy between MP and LP is further stressed by the observation, that the Legionella score suggested by Fiumefreddo et al. failed to identify MP infections in our analysis (data not shown) [34] .
Acute respiratory tract infections are the most common outpatient indication to prescribe antibiotics, which often are misused for unrecognized viral infections [8] . On the other hand, a recent metaanalysis evaluating the proportion of atypical bacteria causing CAP considered MP pneumonias underdiagnosed and undertreated unless MP were systematically looked for [35] . Currently, rapid and accurate testing methods for MP are limited and only include IgM antibodies and PCR [5, 27] . The introduction of the CRP/PCT ratio and the Legionella score [34] in the diagnostic armamentarium of an emergency department may improve the detection of atypical pneumonias, enabling more specific -and more restrictive -antibiotic use. The strengths of our study include the high number of included cases, comprehensive anamnestic, clinical and laboratory data as well as the real-world scenario with analyses based on diagnostic tests in clinical routine at the discretion of the treating physician. Of note, CRP and PCT values are measured systematically in our clinic and therefore did not introduce bias.
However, some limitations should be considered. First, we only included MP CAP requiring hospitalization. Outpatient MP infections mostly are oligosymptomatic and self-limiting and do not need specific diagnostic workup nor treatment. Second, multiplex PCR has not systematically been performed in all patients hospitalized for CAP. We will therefore have missed MP pneumonias, in particular cases with less typical presentation and no need of specific antibiotic treatment. Also, antibiotic pretreatment -possibly altering inflammatory markers on presentation -was not considered for our analysis. Fourth, we discovered several biomarker outliers within our patient categories: Low CRP values in a few patients with SP infections ( Figure 1A ) may be due to a duration of symptoms <24 h, while the high PCT values in a few patients with viral infections ( Figure 1B ) may be due to undetected bacterial superinfection. Finally, the retrospective study design based on medical chart reviews is subject to reporting bias. Anamnestic and clinical parameters may therefore be underestimated compared to laboratory data. As a consequence, our observations need confirmation in a prospective study.
Conclusions
In patients hospitalized with bacterial CAP, CRP is almost always elevated -whether the etiology is typical or atypical. On the other hand, PCT values are significantly lower in MP than SP infections. A high CRP/PCT ratio on admission thus predicted MP infection in our cohort. If validated in a prospective setting, this observation could improve the therapeutic management of patients hospitalized with CAP: For patients with a CRP/PCT ratio >400 mg/μg antibiotics covering atypical bacteria should be considered. The efficacy and safety of this targeted treatment approach and its potential to reduce betalactam consumption needs evaluation in a prospective study.
